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Supplementary Figures
Figure S1
: Valence bond states used in this work to model (A) paraoxon and (B) TBBL hydrolysis. The corresponding EVB parameters are provided in Tables S12 -S18.
Figure S2: Root mean square deviations (RMSD, Å) of all C α atoms during the last 25 ns of our molecular dynamics simulations of (A) substrate-free wild-type RePON1 and the Y71 substituted forms of interest to this work, as well as the corresponding simulation of wild-type and mutant RePON1 in complex with (B) TBBL and (C) paraoxon. The data is shown as averages over all three independent trajectories for each system.
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Figure S3: Root mean square fluctuations (RMSF, Å) of all C α atoms during the last 25 ns of our MD simulations of (A) substrate-free wild-type RePON1 and the Y71 substituted forms of interest to this work, as well as the corresponding simulation of wild-type and mutant RePON1 in complex with (B) TBBL and (C) paraoxon. The data is shown as averages over all three independent trajectories for each system. We note that despite the seemingly short timescale of the simulations, we are able to computationally reproduce the discrimination between the different substrates, and the greater impact of mutations of Y71 on PON1's paraoxonase activity compared to the lactonase activity, increasing our confidence in our computational models. a All distances are shown in Å. XTL denotes the original crystal structure, and WT denotes the wild-type enzyme. All values are averages over three independent trajectories, i.e. a total 75 ns of simulation time over the three trajectories. exp denotes the calculated activation free energies, derived as an upper limit from the experimentally measured k cat using transition state theory. Kinetic parameters were measured at 25 °C and pH 8, as described in the main text. RS, TS1, IS, TS2 and PS denote the Michaelis (reactant) complex, the transition state for nucleophilic attack on the lactone, the tetrahedral intermediate, the transition state for the ring opening, and the product complex respectively. All energies are shown in kcal mol -1 . All values are averages over thirty independent EVB trajectories, as described in the Main Text. b Because of limited substrate solubility, the reaction rates did not show saturation and k cat could not be determined, and only an upper limit for the K M value was provided based on the maximal substrate concentration used. a All values are shown as percentages of the total simulation time and are averages over three independent trajectories. Hbond occupancies were calculated using VMD 5 , calculating only H-bonding interactions between the polar atoms, and using cutoffs of 4.0Å and 30° instead of the default values. "WT" in this table denotes the wild-type enzyme. In addition, in the case of TBBL hydrolysis, the values shown here correspond to the transition state for the initial nucleophilic attack. Note that, where occurring, values greater than 100% are due to the formation of more than one hydrogen bonding interaction between the two residues. All values are averages over the transition state frames of 30 independent trajectories, as described in the Main Text. Values that change by 10% or more upon substitution of Y71 are highlighted in bold. a Shown here are the number of water molecules within 4Å of the nitro group of paraoxon and TBBL for each system studied in this work. The average number of water molecules at each reacting state considered in this work was calculated as described in the captions to Table 2 of the main text and Table S10 of the Supporting Information.
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Figure S8: Numbering of atoms constituting the reacting part of the system for the valence bond states describing the hydrolysis of paraoxon (PXN).
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Figure S9: Numbering of atoms constituting the reacting part of the system for the valence bond states describing the hydrolysis of thiobutyl-γ-butyric lactone (TBBL). a Parameters for the soft pair repulsion potential V soft = C i C j exp(-α i α j r ij ) that was used to model the VdW interactions between the atoms involved in bond breaking and bond making processes in the reacting part of the system. b in paraoxon. c in TBBL. a The bond stretch potential energy was described using a harmonic potential: V Harmonic = 0.5 k b (r-r 0 ) 2 . The only exception to this were bonds that we breaking of forming during the chemical reaction, which were instead described using a Morse potential: V Morse = D e (1 -e -α(r-r0) ) 2 . Table S16 : Torsion parameters used to describe the atoms in the reacting part of the system for the hydrolyses of paraoxon and TBBL a . a H ij is the off-diagonal term in the EVB Hamiltonian, while α ij is the energy difference between the two valence states in the reference reaction. Both parameters were fitted to reproduce activation and reaction free energies of the reference reactions for each substrate, as described in the main text.
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